Diagnostics upgrades for the RFX-mod2 facility upgrades and diagnostic capability enhancements for the exploration and characterization offor multi-magnetic-configuration explorations 
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The RFX-mod2 device [[endnoteRef:1]1],  the upgraded version of RFX-mod, will go in operationstart its operation in 2024 with wide range of improved ments both in terms of magnetic boundary and diagnostic capabilities. The removal of the existing vacuum vessel with the enhancement of the copper shell plasma proximity will significantly improve its passive stabilizing properties. Thise main device modification is the enhancement, of the passive stabilizing shell to plasma proximity. This, coupled to the advanced active feedback control system, is predicted to significantly improve plasma performances in a variety of magnetic configurations, including the reversed-field pinch (RFP), the tokamak and the ultra-low q. [1: ] 

For a better characterization of plasma dynamics in all the accessible experimental conditions, several significant diagnostics improvements have been proposed and are presently under implementation.
These include the installation of  >1000 in-vessel high frequency coils for the characterization of long and very-small scale magnetic fluctuations, of about 500 edge electrostatic probes, distributed throughout the toroidal and poloidal directions, for the analysis of the electron density, temperature, plasma potential and flow in the edge and of plasma-wall interaction and turbulence.  
A higher repetition rate Thomson scattering system and a strengthened Soft X-ray diagnostics based on the double filter technique, will provide better reconstruction of the topology and the dynamics of the core thermal barriers, which form in helical RFP equilibria. 
Multiple lines of sight neutron diagnostics based on fast inorganic and organic scintillators and a new Compact Neutral Particle diagnostic system are dedicated to the analysis of anomalous ion heating phenomena in RFP plasmas. A diagnostic neutral Beam (50keV) will investigate the evolution of the ion temperature profile. The electron distribution function will be energy, time and space resolved by means of a soft X-ray imaging system based on a GEM detector in a pinhole configuration.    
A fast-reciprocating manipulator, housing systems of magnetic and electrostatic probes, will allow the exploration of the edge radial plasma profiles and turbulence even in high current RFP regimes and to characterize SOL and pedestal regions in H-mode tokamak shaped and circular plasmas.  
An innovative reflectometric technique for plasma position in the tokamak will be tested.   
along with unique control capability due to the advanced MHD modes feedback system made of 192 independently driven saddle coils and the flexibility of the power supply systems will allow to explore a wider range of experimental conditions in a variety of magnetic configurations, including the reversed-field pinch (RFP), the tokamak and the ultralow-q (ULq). 
Strong effort has been put in order to improve the diagnostics capabilities, with the aim of getting larger and more detailed (in space and time) information on the various physics quantities in the core and edge plasmas, mainly including the magnetic field, the electron and ion temperature, the plasma density, flow and potential, the neutron production and the impurities behaviour. 
Large part of the diagnostics improvement will benefit from dedicated PNRR Italian fundings, which will open for ten years operation of the RFX-mod2 infrastructure.
RFP and tokamak plasmas (and all the configurations in-between, the ULq) are characterized by magnetic perturbations with largely different typical dominant frequencies and wavelengths on the poloidal and toroidal directions. In order to well characterize plasma equilibrium and fluctuation in all these magnetic configurations, RFX-mod2 has been equipped with more than 1000 in-vessel magnetic coils, measuring the three components of the magnetic field with good time resolution, distributed along the torus. This will allow to get detailed information about the magnetic topology in RFP conditions as well as in circular and shaped tokamak plasmas even with negative triangularity. Moreover, this system of high frequency bandwidth magnetic probes will offer a more complete characterization of multiple mode rotation in the tens of kHz frequency regime predicted to spontaneously occur in a wider range of RFP plasma current conditions (up to 600 kA) in RFX-mod2, thanks to the ameliorated proximity of the plasma to stabilizing shell and control coils.  
A higher repetition rates Thomson scattering system, and the strengthened Soft X-ray diagnostics based on the double filter technique, better reconstruction of the topology and the dynamics of the core thermal barriers will be available [[endnoteRef:2]]. This aspect will be of particular relevance in RFX-mod2 as purer and longer lasting helical magnetic RFP equilibria, associated with improved energy confinement regimes, are expected to occur in high plasma current conditions, due to combined effects of passive and active MHD stabilization.       [2: 2] 

The ion and electron acceleration process occurring during magnetic reconnection phenomena [[endnoteRef:3]], cyclically characterizing the dynamics of RFP plasmas and perturbing the helical thermal and magnetic structures [[endnoteRef:4]], will be deeply investigated by combining information from multiple lines of sight neutron and gamma diagnostics based on fast inorganic and organic scintillators and from a new Compact Neutral Particle diagnostic system for the highly energy and time resolved determination of the ion distribution function. The evolution of the ion temperature profile will be investigated thanks to the diagnostic neutral Beam (50keV). The electron distribution function will be highly resolved in energy, time and space by means of a soft X-ray imaging system based on a GEM detector in a pinhole configuration.   [3: ]  [4: ] 

The spectral properties of long and very small-scale fluctuations associated to Alfvén modes observed to be destabilized during reconnection phenomena [[endnoteRef:5]] and micro instabilities [[endnoteRef:6]] will be available, thanks to distributed very high frequency magnetic probes and antennas. [5: ]  [6: ] 

RFX-mod2 will be the test bed for an innovative technique for plasma position determination in tokamak plasmas, also proposed for DEMO, based on detailed reflectometric measurements, with distributed antennas along the poloidal direction.   
A system of arrays of more than 500 electrostatic probes along the whole poloidal and toroidal directions will be dedicated to the analysis of the electron density, temperature, plasma potential and flow in the edge for a detailed characterization of plasma-wall interaction and turbulence. A fast-reciprocating manipulator, housing complex systems of electrostatic and magnetic probes, will allow to reconstruct the edge plasma properties in high plasma current RFP regimes, previously inaccessible in RFX-mod, and to determine the SOL and pedestal pressure profile in tokamak plasmas, where the H-mode will be induced thanks to the radial insertion of a polarized electrode. 
The 3D pattern of the plasma wall interaction will be also studied with a set of 7 cameras (500 fps) that will cover about 70% of the outboard equatorial midplane, measuring the emission and the Carbon influx in the plasma edge with a 500 fps framerate. The poloidal distribution of the influx of low Z impurities will be obtained with the Light Impurity Tomography (LIT), which will provide the poloidal map of the emission of different low charge impurities.  present in the plasma edge as a function of time. In the presence of rotating magnetic structures, a fully 3D description of the plasma edge can be obtained. Moreover, a tomographic inversion of the line integrated signals can be developed, allowing to image the poloidal section of RFX-mod2 at different wavelengths, selected with interferential filters.
A cavity-based imaging polychromator designed to resolve 2D absolute intensity images of different emission lines with the same view and spatial resolution < 5mm resolution, named MANTIS [2[endnoteRef:7]], will be installed, which will also givegain information on the 2D pattern of electron density and temperature, via various He lines ratio technique [[endnoteRef:8]]. [3]. The edge radial profiles of ne and Te, together with their time evolution, will be studied with the Thermal Helium Beam diagnostic by measuring the emissivity and again exploiting the He lines ratio techniques, taking into account photon re-absorption [[endnoteRef:9],[endnoteRef:10]]. [4,5]. The edge characterization is completed by measuring the edge fluctuations due to turbulence [[endnoteRef:11]] [6] thanks to the Gas Puff Imaging diagnostic, already present in RFX-mod. [7: ]  [8: ]  [9: ]  [10: ]  [11: ] 

TheA system of distributed halo sensors, along with the complex arrays of magnetic coils, along with a system of distributed halo sensors, will allow to validate test the prediction of the electromagnetic modelling on of the sideway forces during fast rapid transients in the tokamak.  plasmas, a relevant topic for larger devices such as ITER. 
	[image: ]

	Fig.1 The reinforced SXR Double filter diagnostic LoS distribution on the poloidal plane, for 2D Te measurements,is drawn. in RFX-mod only the LoS in blue were available. 
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6 M. Agostini et al., Rev. Sci. Instrum. 81 (2010) 10D715	The enhanced diagnostic capabilities will be accompanied by an expected relevant improvement of plasma discharge reproducibility and of electron density control. In this respect, a significant effort has been put on the first wall conditioning systems. In RFX-mod2 the first wall, made of graphite tiles with optimized shapes and attached to the copper stabilizing shell, will be subject to inter-shot glow discharge cleaning performed with Helium plasmas exploiting a new dedicated system of distributed fixed edge electrodes. Moreover, the pulsed-discharge cleaning technique, based on short-lasting, relatively high-power toroidal plasma current transients will be used for first wall heating. The flexibility of these systems, along with the traditional boronization conditioning, should give the possibility to apply real-time electron density control methods even in the largest plasma current RFP operations, when the ohmic input power can become in RFX-mod2 larger than 60MW.    
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